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法，在 NCBI 上找到广州管圆线虫 API 基因的部分序列，再用 RACE 扩增技术
扩增 5’和 3’端部分，获得基因全长序列，利用 NCBI，signalP 等多种在线分析
软件预测其 API 蛋白的结构及进行功能分析。用 primer 5 设计特异性引物，以线
虫 mRNA 反转录得到的 cDNA 为模板进行体外扩增，并将得到序列构建表达载
体，之后分别转入大肠杆菌BL21表达菌中大量诱导培养，获得重组蛋白并纯化，
然后将这些纯化后重组蛋白免疫小鼠，制备多克隆抗体。将得到的抗体作为一抗，
Cy3 标记的羊抗小鼠 IgG 作为二抗对广州管圆线虫做各期虫体的免疫组化研究。
为测定 API 在各期虫体中的差异表达，我们进行了 API 在广州管圆线虫第一期
幼虫（L1）、L3、第五期虫（L5）和雄性成虫、雌性成虫中实时荧光定量 PCR。
获得 API 基因全长克隆后，已将序列上传至 GenBank，AcAPI 基因序列号为
KX138274，广州管圆线虫API基因全长 887 bp包含 678 bp的编码阅读框（99-776 
bp），包含 98 bp 的 5’UTR 和 113 bp 的 3’UTR，编码 226 个氨基酸，有信号肽序
列，无跨膜结构。各期广州管圆线虫中对 API 的免疫组化结果显示，API 在 L1
中肠道表达量较高，在神经环和角质层上也有表达，其他区域表达量较低；L3
特异表达在侧翼上，角质层及体壁肌肉层也有表达；雌雄虫主要表达在生殖腺中，
我们推测 API 与线虫成虫的生殖作用有关，并且线虫通过分泌 API 到体外，抑
制宿主体内相关酶的活性来适应宿主体内生活。 



































Angiostrongylus cantonensis is a serious zoonoses parasite that causing parasitic, 
can cause eosinophilicmeningitis, also known as Angiostrongyliasis. its intermediate 
host is mollusca, such as apple snails, achatina fulica and so on. And parasitic 
on Glires as its final host. Human is the occasional host of this nematode, can catch 
theAngiostrongyliasis cantonensis by eating its infectivethird stage.  
The aspartyl protease inhibitor of the parasites play important roles in their 
parasitism sush as nutrition intake, tissue invasion, immune evasion, growth, 
development and so on. In this paper we choose A. cantonensis as research object and 
the aspartyl protease inhibitor gene as the target gene.  
We cloned, expressed the protein, and then detected the position, expression 
differency of the aspartyl protease inhibitor in each period. Through the method of 
sequence alignment, according to the partial sequence of A. cantonensis aspartyl 
protease inhibitor (AcAPI) found in the NCBI, we amplified 3’ terminal and 5’ 
terminal through the mothed of RACE, and then obtaining the full length of the 
aspartyl protease inhibitor gene. The structure and functional analysis of AcAPI gene 
was forecast by some online software such as NCBI, SignalP4.1. Specific primers 
were designed according to the full length of the gene by primer 5.Then we amplified 
the cDNA by reverse transcription of the worm’s mRNA. And constructed the 
expression vectors, then transduced the vectors into the E.coli BL21 to induce 
expression the recombinant protein. After that the recombinant protein were collected 
and purified, they were used to immunizate the mice to obtain polyclonal antibodies. 
Finally, the AcAPI were immunofluorescence located in larvas of each period and 
adult worm by using the polyclonal antibodies as primary antibody and Goat 
Anti-mouse IgG/Cy3 as secondary antibody. In order to compare the stages 
expression differency of AcAPI among L1, L3, L5, male and female worm, we did 
real-time quantitative PCR experiments. 
The sequence of the full-length of API gene was uploaded to the GenBank and got 
a sequence number of KX138274. The result showed that the full length of AcAPI 
gene is 887 bp include 678 bp encoding reading frame (99-776 bp), include 98bp 5' 
UTR and 113 bp 3' UTR, encoding 225 amino acids, have signal peptide, and have no 
















The results of immunofluorescence localization showed that AcAPI was distributed 
in the whole body of L1, but abundantly expressed in intestine, cuticle and nerve ring. 
In Larva 3, it was specific expression in lateral fin and cuticle, in addition, it was 
equally distributed in intestine, muscle, and also had specific expression on the wall; 
It was mainly detected in the sex organand coelom of adult worm. In this result, we 
suspected that AcAPI may play an important role in the worm’s reproduction, and 
nematodes secreted API toexternal,then inhibit the activity of the host’s related 
enzymes to adapt to the life of the host’s inner environment. 
The result of Real-time PCR showed that the expression of AcAPI could be 
detected in L1, L3, L5, female and male. The expression level of AcAPI is the lowest 
in L3, in contrary, female is the highest. We included that  AcAPI is inextricably 
linked to worm’s reproduction, and possibly to the host where that stage of the worm 
stays. 


































































诊断方法主要是基于 PCR 技术和免疫学技术的方法。PCR 和 Real Time qPCR 等
技术被用于检测广州管圆线虫的的 rRNA、ITS 等保守核酸序列以确定感染情况。








































































平，过量表达的组织蛋白酶 D 酶原能促进肿瘤细胞的生长，而组织蛋白酶 E 却
能抑制肿瘤细胞的生长；植物中天冬氨酸蛋白酶还存在特有的促进蛋白裂解的序
列。 
常见的天冬氨酸蛋白酶抑制剂有三种，分别是 Pepstatin A，EPNP [1，








的胃蛋白酶抑制剂 PI-3（pepsin inhibitor 3）虽然对组织蛋白酶 D 没有抑制作用，
但却可以和多种天冬氨酸蛋白酶形成复合体[28]；阿利克仑（aliskiren）是临床上
常用的肾素抑制剂[29]，目前已应用于临床的 HIV PR 抑制剂有沙奎那韦
（saqninavir，SQV）利托那韦（ritonavir，RTV）等，其中多数药物是依据 HIV 




























以诱导产生 IgE[34,37,38]，其是通过刺激产生 II 型细胞因子来影响淋巴细胞的功能。
这种现象与线虫在免疫逃避过程中，宿主的 II 型细胞因子的表达是一致。人蛔
虫的天冬氨酸蛋白酶抑制剂可以特异的抑制组织蛋白酶 E 的活性来抑制 B 淋巴
细胞处理抗原呈递过程。 
猪蛔虫的 PI3 保守性与人蛔虫的 API 很相近[42]，PI3 与胃蛋白酶、胃亚蛋白
酶[42]和组织蛋白酶 E 是紧密结合的[43-45]，用 X-射线衍射的方法解析 PI3 与胃蛋
白酶的作用结构，发现其有两个主要的作用位点[46]，显示 PI3 对于抑制天冬氨酸
蛋白酶的作用机制是很特殊的。猪蛔虫的 PI-3[47]和旋盘尾丝虫的 Ov33[48]在体外







究的是在体外诱导易感人群的外周血单核细胞产生的特异的 IgE 和 IgG4；而蛇
形毛圆线虫是在宿主体内检测，研究发现宿主的抗性系产生的 IgE 显著高于易感
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